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Director's
comments
We have the ideas and the people.
Now we need the bricks and mortar

Ray Moore
Agricultural Experiment Station

In Farm & Home Research, we usually tell you
what we have done to accomplish our mission of
serving you.
This issue is different. We tell you what we want
to do.
A cross-section of scientists in the Agricultural
Experiment Station and three South Dakota farm
leaders relate to you their expectations for the
Northern Plains Biostress Laboratory (NPBL).
All that is left before the NPBL becomes a part of
the SDSU campus southeast of the Animal Science
Complex is funding by the U.S. Congress of a
50/50-split building fund.
"Biostress" is a word coined to cover the many
difficulties an organism (plant, animal, or human)
experiences just from living in an environment.
Biostress obviously takes many forms, "jitters and
nerves," one of our writers says, reduced yields, a
drop in reproductive capacity, the decline of rural
communities. Any one biostress is complicated and
complexed by other stresses.
As South Dakotans, we are no strangers to some
extreme forms of biostress. Last year's drought
showed us that. The word may seem new, but our
efforts to alleviate it are as old as the Experiment
Station. Our mission has always been to help you
make your lives more productive, more
comfortable, more rewarding in these sometimes
brutal but always exhilarating conditions.
I mean " exhilarating. " South Dakota gives us
more rewards than we can count, from things big
to little, from varied and abundant crops to pasque
flowers and gulls following the tractor. In return,
we choose to live here, not to " fight" and
manipulate the environment, but to live with it and
to reap its rewards.
2

We live on the "edge," as several of our writers
in this magazine say or imply. Ours is an "edge
agriculture." We live on the edge of large
climatological forces that meet in our state, on the
edge of traditional growing and grazing regions.
Conditions from east and west, north and south
meet in our state. What better place to conduct
biostress research?
We are also at another "edge," ready to step
forward and combine our talents and resources in
new ways. We are ready to examine our
environment and its biostresses more fully so that
we all may be more successful in living with it.
We are asking for a building, bricks and mortar.
We already have the ideas and the people to put
in the building, as you'll see from reading the
articles in this magazine. We lack the facilities,
where we could separate the parts from the whole
and learn how plants and animals react to
individual stresses. Much of all knowledge is built
from the bottom up. Without controlledenvironment labs we never can be sure that some
unknown factor hasn't slipped in to confound our
results.
The concept is not new, of course, but its time
has come. Researchers and citizens across the state
and in the region are eager to begin. The South
Dakota Legislature has approved the state's share
of the 50/50 partnership with the federal
government.
Our proposal for federal funding has cleared all
hurdles to this point, including a feasibility study
and a site review by a team from the Cooperative
Director's Comments

continued on page 30.

The opportunity
'This "land of infinite variety" gives
us our opportunity. We must seize it'

Dr. David Bryant
Dean, College of Agriculture
and Biological Sciences

South Dakota is the "land of infinite variety" but
what we really need is stability.
That we have achieved an efficient and
productive agriculture and a sturdy and rewarding
lifestyle in the face of drought and floods ,
"northers" and broiling heat, pests and diseases
shows what we're best at in South Dakota.
We're best at living with the elements-both
climatic and biological-in everything we do,
whether it's raising crops, livestock, or our
families.
But the effort has been costly. Crops burn up
somewhere in the state and region every year.
Replacement heifers, even breeding herds, are sold
off for lack of feed. Mainstreet businesses and
implement dealers liquidate. If our children want
jobs with a future, they leave the state.
Stress is part of living in South Dakota and the
Northern Great Plains.
We can do something about it.
Not that we haven 't already. Enhancing the
quality of life of South Dakota 's citizens has been
the goal of the Agricultural Experiment Station for
over 100 years. We have met the challenges of the
past:
Alfalfas , wheatgrass, and other forages have been
bred right here under South Dakota conditions to
feed our livestock, and animal scientists at SDSU
have developed quality rations from these homegrown crops to give our livestock vigor and
efficient weight gains. Guard spring wheat,
released from SDSU, is Hessian fly resistant,
lowering the chances we will ever lose another $30
million in one growing season to that insect.
Soybean production has spread from two counties
in the southeast to much of the eastern half of
South Dakota in the last 20 years. Our research

stations have been instrumental in developing
drought-tolerant corn hybrids, that made corn
growing possible in near-arid regions of the state
over the last 50 years.
The list of accomplishments is impressive but not
long enough. We are still vulnerable; the 1988
drought taught us that.
It is time to take the next step. We have the
opportunity of a lifetime within our reach.
Perl~aps our opportunity comes because the
drought brought many of us to say, "Enough."
Certainly, our opportunity also comes because the
good research we 've already done always asked
more questions and revealed new needs to address .
The opportunity also comes because we've been
planning for it.
The "planners" are almost too numerous to
name. No one can take the single credit for
conceiving a Northern Plains Biostress Laboratory.
On the other hand, credit goes to farmers ,
ranchers, scientists, individuals, groups , visionaries
across our state and in the region. They all
recognize that if we are to create a stable and
profitable agriculture, we must work together.
The Northern Plains Biostress Lab (NPBL) is a
focus, a high-intensity approach to environmental
stress. Based here on the SDSU campus, it is a
concept of cooperative research on environmental
stresses on plants, animals, and humans as much
as it will be a building full of climate-controlled
growth chambers, pens for animals, and
computers.
In the NPBL we can push back the frontiers of
the possible in American agriculture. We can
develop a sustainable and profitable agriculture in
a difficult climate, revitalizing rural America as we
create a more stable life for ourselves, our
neighbors, and our children.
This "land of infinite variety" has given us our
opportunity. We must seize it.
D
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The
NPBL idea
We can 'bring a new focus and
a new intensity' to ag research

Dr. R.A. Moore
Director, Agricultural Experiment Station

The Northern Great Plains is one of the most
important agricultural regions of the w orld. South
Dakota itself can take justifiable pride in its
ranking among the top 10 states in the U.S. in the
production of major commodities.
Yet the environme'nt that plays a significant role
in attaining this ranking is also the primary
restraint to stabilizing or increasing ag production.
Records verify the weather extremes we
experience. Drought occurs somewhere in the
Northern Plains every year, and moisture deficits
are so frequent in the Highmore area, for example,
that the Central Substation at that location is
commonly called our "Plant Stress Testing
4

Center." In the Northern Plains a drought year
may bring less than 10 inches of precipitation;
during wet years parts of the region may get more
than 30.
Air temperatures exceed 100 F in the summer
and in winter drop to -40 F with wind chills
exceeding -100 F. All seasons have their extreme.
Pests, always abundant, will periodically increase
to major economic levels. Plant pathogens
frequently cause large reductions in crop yields.
Viruses and bacteria infect our livestock and may
become even more virulent when coupled with
other stressful conditions.
Soils range from heavy clays to Sand Hills,
habitats from pine-covered Black Hills to prairie
potholes and grasslands to Bad Lands. The
microenvironments on any size of property, from
range pastures to garden plot, are just as diverse.
This complex and sometimes harsh environment
has always offered opportunities. The people who
came to the Northern Plains frontier knew that.
This year South Dakota celebrates statehood
because they seized those opportunities-free or
cheap productive land and the power to control
their own destinies, "going it alone" if they wished
or setting up their own institutional structures if
they saw the need.
One of those institutions they chose to build,
even before they formed a state, was the South
Dakota Agricultural Experiment Station. Its
primary goal has never changed: to conduct
research that will improve the quality of life of the
state's citizens.
This year South Dakotans have another
opportunity. It is an opportunity to bring a new
focus and a new intensity to their diverse and
considerable skills in coping with the environment
and to cooperate with others in the Northern
Plains in achieving a stable and sustainable
agriculture in this region that is so bountiful one
year and so malevolent the next.
The opportunity is the Northern Plains Biostress
Laboratory (NPBL) which will be built at SDSU.
The NPBL will be more than a building; it is a
philosophical concept already in execution.
The NPBL will be the nucleus of research to
increase our understanding of the effects of
biological and environmental stresses upon
animals, plants, and people.
The 150,000 sq ft , multistory building will
provide climate-controlled facilities for growth
chambers, specialized laboratories for cell culture,
inoculation research labs, and rhizosphere study
areas. It will also include some teaching labs,
classrooms, and offices.
The NPBL is a building and a concept; it is not
added staff. We already have outstanding

NPBL objectives
For over 100 years the Agricultural
Experiment Station has provided research to
enhance· rural life and to help develop the
state's economic, human, and natural
resources. The objectives of the proposed
Northern Plains Biostress Laboratory reflect
this same mission: · .
.
·
1. New technologies to cope with. oiological
and environmental stresses of major crops
and animals'.
2. Production practices that sustain soil
productivity by controlling erosion and
minimizing nutrient depletion.
.
3. An adequate quantity of acceptable quahty
water for agricultural, industrial, municipal,
and recreational use.
4. Rural revitalization through the
development of human and natural resources.
5. Safe environment, improved quality of
life, and human health safeguards.
6. Transfer of information to the public that
will improve production efficiency and
agricultural profitability .

NPBL funding

..

State Funding
State Bonding Authorization
$5,126,000
State Legislative Authorization
584,000
Private Funding
490,000
University Commitment
100,000
$6,300,000
Total
Federal Funding
Senate Appropriation Approved
For Planning and Feasibility
Study (FY89)
100,000
Congressional Appropriation
Requests (FY90)
6,200,000
$6,300,000
Total
Facility Total

$12,600,000
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scientists, agricultural research field workers, and
an excellent history of conducting stress-related
research.
The NPBL is as much a program as it is a
facility. As a program it expands beyond the lab
itself and beyond the College of Agriculture and
Biological Sciences. Faculty and administrators in
engineering, home economics, nursing, and
education have supported the concept of biostress
research and are eager to begin work.
Five primary areas are identified as "centers of
excellenc e." T he core of these programs will be in
the lab. H owever, considerable work in each area
will occur in other places. Cooperative projects
will also b e encouraged and solicited from other
research in stitutions in and outside of South
Dakota whe re similar needs exist.
The five centers are:
1. Genetics and plant breeding
2. Natural resources/native germ plasm
3. Animal stress
4. Water quality/wetlands
6

5. Cellular and molecular biology.

The biostress concept has already expanded into
the region. Programs now connect with the
Northern Crops Institute in North Dakota and
other programs on the NDSU campus. Animal
stress research is being coordinated with animal
stress work at the University of Missouri, Kansas
State University, and the U.S. Meat Animal
Research Center in Nebraska.
Whether we will be able to meet the needs of
agriculture in the Northern Plains as fully as we
hope depends on one last major hurdle: matching
funds from the U.S. Congress. Without these funds ,
the NPBL would be ~everely limited in its potential
to cover even the major stress needs of the state.
Certainly the laboratory could not serve regional
and national needs.
We look forward to the ultimate benefit from the
NPBL: improved economic stability in the state,
the region, and the nation through a stronger,
sustainable, and profitable agriculture in the
Northern Great Plains.
D

When it's winter
in the feed lot
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Animal scientists plan 'most intensive'
work on cold stress in U.S. for NPBL
Dr. Jam es R. Males
Head, Departm ent of Animal and Range Sciences

Primary areas of research will be:
(1) The effect of cold stress on nutrient

requirements of cattle, swine, and sheep.
(2) The effect of fluctuating thermal environment

Animal scientists will focus heavily on cold
stress on livestock in the Northern Plains Biostress
Laboratory (NPBL). But we are not starting "cold."
We have a pretty good idea of how an animal
reacts to environmental stress, but to make any
further progress we will have to understand more
fully the "why," the physiological responses of the
animal's systems to cold stress.
This is more basic research than we have been
able to do, even with our modern facilities . In a
controlled setting, our researchers will be able to
draw more accurate conclusions and then design
appropriate feeding and management strategies to
deal with actual environmental extremes.

on nutrient requirements and performance.
(3) Interactions of environmental factors and their

effect on nutrient requirements (light and
temperature, and wind and temperature
combinations).
(4) Effect of thermal stress on disease
susceptibility.
(5) Differences between breeds and individuals
within breed in adaptability to thermal stress. Cow
condition and subsequent reproductive
performance will be considered.
(6) Determination of practical lower critical
temperatures and insulation values for open-lot fed
cattle.
7

10% savings in feed for fed cattle:
$1'9 mllllon·per year in the Northern
Great Plains.
Earlier breeding of dairy heifers:
$44 mllllon per year in the Northern
Great Plains.
Feedln.g 20% more of the caff crop:

$63 million fn feedstuffs, aild a ~llllon
cattle marketed in South Dakota alone.

SDSU scientists from the departments of Animal
and Range Sciences, Biology, Dairy Science, and
Veterinary Science will lead this research effort.
This is a more intensive evaluation of the effects
of extreme cold stress on livestock than is being
done anywhere else in the U.S. Consequently,
these studies will serve not only the Northern
Great Plains. They will also be applicable to the
northeastern U.S., the corn belt, and the
northwestern quarter of the U.S.
The potential economic impact of such work
warrants our emphasis on this program. A 10%
savings in feed for fed cattle at present, for
instance, could conservatively result in a savings of
$30/head. Based on the 650,000 head of cattle fed
in South Dakota each year, that translates into
approximately $19 million for livestock producers
in the Northern Great Plains.
Earlier breeding of dairy heifers (calving one
month earlier) would save about $40/head/yr, with
a total savings of $3 million/yr within South Dakota
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alone. In the Northern Great Plains, the combined
net savings would amount to $44 million.
South Dakota producers currently feed about
40% of the state's calf crop. With better winter
feeding programs and the resulting increased net
return, a higher proportion of cattle could remain
in the state's feed lots.
If, for instance, producers fed 20% more of the
calf crop, that would result in $63 million of
feedstuffs fed in South Dakota, based on current
corn prices. In addition, those producers would
market one million cattle per year, strengthening
the state's meat packing industry.
The proposed facilities, an addition to the
present Animal Science Complex with climate , ,
control and calorimetry capabilities, would be
relatively unique. Although several facilities are
currently in existence, they have varying degrees
of limitation, and most are not used extensively.
The institutions with notable research programs
directed toward environmental effects on large
animals include only the University of Missouri,
the U.S. Meat Animal Research Center at Clay
Center, Nebr., and the University of Alberta.
The program at Alberta is the only one that has
consistently directed its efforts over the years
toward the effects of cold on the energy
metabolism of beef cattle and sheep.
The Meat Animal Research Center has
conducted work with cattle and sheep in recent
years related to cold and heat stress effects.
However, its greater emphasis appears to be on
~wine. Missouri has made its greatest effort in
dairy related research. Kansas State University
directs its work toward heat stress.
The proposed location of the animal
environmental stress lab is almost as important as
the uniqueness of the facilities themselves. It will
be important to replicate actual conditions found
on farms and ranches in a climate-controlled
chamber setting.
Since our South Dakota climate has the extremes
to which livestock anywhere in the U.S. might be
exposed, SDSU is well suited for this kind of
facility. This lab will become the national center,
along with the U.S. Meat Animal Research Center,
for environmental physiology research with
livestock.
The animal environmental stress research
program, as part of the NPBL, will serve as a
training center for scientists in the area of energy
metabolism and environmental stress of livestock.
The proximity of the NPBL to the major livestock
producing areas of the U.S. will enhance our
leadership in this research and attract visiting
scientists as well as enhance efforts to train
talented new scientists.
D

Of mice and the rest of life
To learn about stress, study a mouse.
Then extrapolate what you learn to us
Dr . N els H. Gra nh olm
Departm ent of Biology

Biostress, whether in the human being, crop
plant, feedlot animal, bacterium, or any other
living thing, operates in the same way. The action
takes place in the cell.
Essential metabolic processes go awry. Cells
were built to function "normally. " In the presence
of stress, "normal" activity won't suffice; the cells

t ry to make an adjustment , but somewhere along
the line the stress overrides the ability of the cells
to automatically compensate for environmental
changes.
You will recognize the three classic stages of
stress, as outlined by Hans Selye. They are alarm,
resistance, and exhaustion.
Under normal situations, an organism becomes
aware of stress signals during the alarm stage, and
a complex battery of compensating and adjusting
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cellular mechanisms automatically swings into
play to adjust to these stress signals.
It is during this resistance stage that these
homeostatic mechanisms reestablish a viable
equilibrium within the stressed organism. They
will work as long as the organism retains sufficient
vital energy. But if the stress either continues or
recurs, the organism's vital energy will be
depleted. Resistance breaks down.
Exhaustion of the homeostatic mechanisms then
ensues. It is this stress-induced exhaustion that
leads to the harmful effects of stress and ultimately
to the ending of vital processes.

"Picture the benefits . . . of
identifying stress-hardy
livestock and breeding
them to produce lines of
stress-resistant genetic
stocks.''

A basic understanding of how extremes in
weather, pests or pathogens, or more subtle factors
such as the absence of essential nutrients cause
stress will allow us to improve agricultural
productivity by minimizing effects of
environmental stress factors. There are two
ways-through management or by altering the
genes to handle the external factors .
The stages of stress are the same, whether in
mice or humans. So we use mice. They fit in cages
better.
Certain mutant mice such as yellow mice are
born stressed; they will exhibit stress signals even
in comfortable environments. Our work with this
stra in to define stress, both qualitatively and
quantitatively, is revealing patterns that also
appear in commercially grown livestock and in
peo ple.
First, we need to catalog and measure those
stress fa ctors. Independent stress measurements on
livestock could produce stress profiles which we
could use to improve gain, feed efficiency, health,
and vigor.
On e pl ace to start is by mapping the DNA
profiles of stress-resistant and disease-resistant
animals by means of re striction fragment length
polymorphisms (RFLPs) and other recombinant
DNA procedures. A number of productive RFLP
assay techniques could be developed for cattle,
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hogs, sheep, and other livestock. We are currently
using this procedure with mice.
An indicator of nutritional well-being,
reproductive success, and overall vigor is the level
of body fat in the organism. In the yellow mouse,
level of body fat is highly correlated, both
negatively and positively, to fertility. The
development of a method to measure and control
the "equilibrium" between fat synthesis and
protein synthesis during animal growth would be
significant.
Because stress is often related to aberrant
hormone levels, measurement of specific stress
hormones or hormone binding activities could
provide key indicators of animal stress. We are"
currently conducting hormone assays via
radioimmunoassay in our laboratory.
The yellow mouse is a mutant which always
suffers a profound metabolic stress resulting in
obesity, infertility, and extraordinarily high
efficiency in the conversion of feed to fat and
protein.
We propose to study the fat mouse's
hypothalamic and pituitary functions and hormone
production and then treat with a gonadotropin
releasing hormone.
Treating reproductive failure in a mouse that is
genetically predetermined to this difficulty could
put us a long way toward treating reproductive
failure in economic livestock.
The same goes for the yellow mouse's obesity
problem. Improved facilities in the Northern Plains
-Biostress Laboratory may help us in mapping the
DNA bases of impaired fertility, obesity, and the
greatly accelerated conversion of feed to fat and
carcass size in yellow mice.
Results in the lab mouse will be extrapolated to
livestock when lab data demonstrate clear-cut
treatment effects . For example, if infertility in our
mouse is predictable on the basis of a pattern of
aberrant hormone activity, we will then seek to
verify the existence of similar patterns or problems
in livestock.
At that point, we can initiate cost-effective
experiments on the livestock.
The economic impact of our studies on the
mouse could be very significant. Picture the
benefits, for example, of identifying stress-hardy
livestock and breeding them to produce lines of
stress-resistant genefic stocks.
Potential results of this research which could
improve overall agricultural productivity include:
(1 ) improved reproductive efficiency; (2) improved
average daily gain and feed efficiency; and (3)
improved understanding of the dynamics of fat and
protein synthesis during and after the active
growth phases of liv~stock.
D

New strength
in the 'basics'
Discoveries in biology are the basis
of progress in all agricultural areas

Dr. C. McMullen
Head, Departm ent of Biology

To have a long-lasting, stable agriculture in the
Northern Great Plains, we must incorporate
fundamental biological changes into either our
management practices, the genes of our crops and
livestock, or both.
Biology is the science that deals with the origins,
life processes, physical characteristics, and habits
of plants and animals. Biology is the discipline
from which all agriculture springs. Consequently,
the Department of Biology has a deep interest in
the founding and the operation of the Northern
Plains Biostress Laboratory (NPBL).
The NPBL will allow our scientists to design and
carry out experiments not currently feasible or
practical and will strengthen our established
research programs related to the effects .of
environmentally induced and pest/parasite induced
stresses on commercially important biological
systems. It will enable our scientists to compete
nationally for federal and private grant funds, and
it will attract innovative scientists who have
specialized in areas related to effects of stresses on
biological systems.
Animal performance (gain, feed efficiency,
health, vigor) stands to increase if we can conduct
stress profiles on livestock that lead to changes in
heritable traits in large animals.
A very small animal could also contribute to
wide-sweeping changes in animal ag.
We could greatly expand our work with the
mouse in the NPBL. We are identifying the causes
of reproductive failure and aberrant fat metabolism
in a laboratory model, the yellow mouse. The
yellow mutation induces profound metabolic
stress resulting in obestity, infertility, and high
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We will continue our research on the
mechanisms of heavy metal tolerance in plants,
examining hydroponically grown wheat plants and
embryos to determine if wheat is capable of .
synthesizing animal-like metallothioneins. We will
determine the role of sulfide in metal tolerance,
and evaluate native metal-tolerant plants.
Wetlands and their associated plants and animals
formerly dominated the landscape in some parts of
the Northern Great Plains. The environment, as
shown by geologic records and histories of our
early settlers, must have been as harsh and
unforgiving as it is now. Yet the wetlands
persevered. If wetlands could survive such
biostress, they must have secrets to reveal to us
today.

efficiency in the conversion of feed to fat and
protein.
Crop-related work involves an expansion of our
plant tissue culture research, for which we are
already world-renowned. The focus will be on
developing and evaluating tolerance or resistance
of crop species to salt, drought, cold, disease, and
insect pests through biotechnology.
We will screen among existing crop species for
tolerant and resistant germ plasm in a controlled
environment. We will also search for new sources
of resistance in wild plants related to our
commercial crops , study the nature of genetic
behavior and locate the genes by DNA techniques,
and recombine desirable genes and splice them
into our cultivated varieties.
We are also interested in the effects of chilling
on lateral root development in corn. Obviously,
corn that can tolerate the cold weathe r can get a
faster start in the spring.
12

We propose to address two aspects of wetland
vegetation.
One is the influence of grazing related stress on
major wetland plant species. We can use grazing
management to improve wetland habitat for
waterfowl and other wildlife.
We will be looking at flooding- and grazingtolerant varieties of native grasses for use as
replacement forages in wetland areas and
searching for germ plasm that could be used for
genetic improvement in economic crops.
The other major approach to wetlands will be in
the utilization of fast--growing hydrophytes that can
recapture nutrients from stockyard runoff.
This would be an inexpensive means of treating
polluted water from agricultural, municipal, and
industrial sources, thereby protecting the quality
of surface waters.
Recycled nutrients from stockyard wastewater
could provide supplemental sources of lifestock
feed and organic fertilizers.
Pests and parasites of livestock and crops also
contribute to the stress of living on the plains. In
our present labs, their effects often cannot be
separated from those contributed by the
environment. In the NPBL we could work on
pinpointing the parasites' "weakest points"
amenable to manipulation by management or
genetics.
For example, we would examine the effect of
cold and heat stress, pn coccidiosis infections in
pre-weanling calves, the effect of parturition on
oocyst shedding in cattle coccidiosis, and the
parasite-induced pathology caused by Nosema
locustae in grasshoppers.
The NPBL would greatly strengthen our capacity
to conduct the kind of fundamental biological
resea rch that could lead to huge returns in
agricultural productivity.
D

Potential to expand
Horticultural industry, a $134 million
business, is at the threshold of growth

Dr. Peter Schaefer
Acting Department Head
Horticulture, Forestry, Landscape, and Parks

The stated goal of the Northern Plains Biostress
Laboratory (NPBL) is to stabilize agricultural
production in the Northern Plains.
"Stabilization" covers many things . Yes, it
includes steady or increasing yields of the crops
we plant now. It also includes diversification into
different crops, conservation of soil resources , and
improvement of microclimates affecting animal or
crop yields. These are all consistent with the goals
of our department.
We serve a regional industry with annual sales in
excess of $134 million. The industry continues to
expand rapidly, especially in vegetable, fruit, and
Christmas tree production. The NPBL will allow us
to support this industry and help direct its growth.
Most of our research has been field or
greenhouse oriented. The proposed NPBL will
provide the necessary labs and growth chambers to
complement and short-cut some outside work an d
will provide a strong base of information on whic h
to plan field investigations.
We will be able to make controlled studies of
cold hardiness in fruit crops, woody ornamentals,
perennial flower crops, turf grasses , and
windbreak tree species. We will have controlled
conditions for studies of drought tolerance and
insect and disease resistance in crops. We will be
able to examine post-harvest physiology of
horticultural crops. Chemical stress factors in
crop/weed relationships are another possibility. Of
course we will expand our research in developing
crops better suited to the short growing season of
this region.

We will be able to gain a deeper understanding
of water relations in vegetable and fruit crops. We
need to know the genetic and physiological bases
of plant response to water stress before we can
breed for improved efficiency of water use. Add
the effects of high temperature to the package, and
our research will be even more significant.
The time is right for the construction of the
NPBL.
Many experts agree that we may be experiencing
the beginning of a long-term warming trend in our
global environment, primarily as a result of
increased carbon dioxide in the atmosphere. This
will likely be coupled with drier conditions in the
Northern Plains.
Our major breeding emphasis, whether or not the
greenhouse effect intensifies, should be ·in
providing plant and animal species that will
survive and produce efficiently in a hotter, drier
environment.
The use of chemicals to control insects and
disease outbreaks has reached a serious level in
most crop production systems. We must make
greater efforts to identify resistance mechanisms
within plant species and to incorporate them into
our crops . Reducing our dependency on chemicals
is imperative if we want to maintain the long-term
productive capacity of our Northern Plains
environment.
The potential to expand the horticultural crops
and their markets in the Northern Plains is very
real. Many opportunities will be lost without the
research capabilities to pursue them. Unless our
producers receive up-to-date , relevant information
they will be unable to compete both within the
region and abroad .
D
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Microbial genetics has become the basis by
which we understand-and alter-the genetics of
most organisms.
It's a ubiquitous gram negative bacterium found
in the gut of humans, most warm-blooded animals,
and some birds. Normally, it's harmless, and even
beneficial. In return for nutrients and a stable
environment, it provides its host with some
vitamins and enzymes. Merely by taking up space,
it protects the host from invasion by more virulent
and damaging microorganisms.
There's a dark side to everything, of course.
Some strains of E. coli are not so harmless; they
can cause white scours, colibacillosis, mastitis, ,and
infections of the reproductive and urinary tracts in
humans.
The value of E. coli to the scientist seeking to
improve economic crops through breeding is
beyond estimating. E. coli chromosomes can be
mapped, split, rearranged; and new DNA material
from a different organism can be added with
relative ease. When the bacterium reproduces , this
new arrangement copies itself in subsequent
generations.
Part of the work that will be conducted in the
Northern Plains Biostress Laboratory involves
increasing the cold stress resistance of barley and
wheat. Genes that confer resistance to lowtemperature stress will be inserted into E. coli and
increased.

Bacterium
of the hour
Value of E. coli in improving
economic crops 'beyond estimating'

Dr. Carl Westby
Departm ent of Microbiology

"E. coli" is the third member of a group known
to nearly every college microbiology class for
decades: "Staph, Strep, and E. coli. " E. coli is no
longer the tag-along. It has achieved new fame in
gene engineering.
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After they have been cloned in E. coli, the winter
hardiness genes will be mapped and used as
probes to identify regulatory signals that control
the genes in barley and wheat. Once we
understand these " signals," we will be able to
eventually design crop plants that can grow better
during our short growing season in South Dakota .
A biostress project already in progress relates to
the development, again through gene engineering,
of brewers yeast strains that can ferment whey, a
dairy waste product. Normal brewers yeast strains
are stressed when placed in whey and do not
ferment the lactose whey sugar to fuel ethanol.
Yet another project relates to the supply and
quality of our grourv,waters. Nitrate is the culprit
here, and again E. coli comes into use. I am using
it to clone nitrate reduction genes which convert
the nitrate to nontoxic nitrogen gas. It may be
possible to design, through gene engineering,
bacterial strains that can dispose of nitrate in our
water supplies in a harmless fashion. This would
lessen chemical stress placed on our important and
irreplaceable pure wc~.ter supplies.
D

Grasshoppers take the bait
Baited carbaryl is treatment of
choice and is soft on environment
Dr. David Walgenbach
Plant Science Department

Grasshoppers and locusts are among the most
serious insect pests of cultivated crops and
grasslands in the world and have caused
devastation from ancient to modern times.
Greatest and most frequent damage has occurred
where average precipitation ranges from 10 to 30
inches annually. That includes Africa, Eurasia,
central South America, New Zealand, Australia,
and the central plains of North America where
grasshoppers frequently cause damage from Texas
into the prairie provinces of Canada.
The Northern Great Plains of Canada and the
U.S. has sustained serious grasshopper damage in
the past century. During the outbreak years of 1967
and 1985, the losses were estimated at over $700
million per year and included significant control
costs, crop damage, supplemental feed costs,
reseeding, and delay in revegetation of range areas.
Approximately 600 species of grasshoppers have
been identified in the central plains. Five species
are responsible for 90% of the total damage to
forage and cultivated crops. Approximately 25
more species inflict more varying damage.
The state of South Dakota funded a $625,000
4-year grasshopper research project in late 1985
with one broad objective-to improve grasshopper
control on range and cropland.
The project was divided into two parts: (1)
insecticide application methods and (2) biological
assessment of nontarget beneficial insects.
Cooperative agreements with other agencies have
allowed expansion into grasshopper economic
threshold assessment, evaluation of models for

predictive capability, Nosema bioassay, and greater
involvement in the search for the most effective
toxicants on baits.
Low-concentration toxicants and/or biologicals
on baits will have the single greatest positive
impact on range and cropland grasshopper control
in this century.
Current methodology combines low levels of
toxicants on wheat bran applied at rates of .01-.04
lb active ingredient per acre. The treated bait is
applied at 1-2 lb/A when the target insects are
present. It will be consumed, under field
conditions, within 48 hours.
The impact on the environment is much softer
on beneficial insects. Bait treatment costs are also
substantially less than sprayable insecticides.
Pneumatic ground application units th~t can be
mounted in pickups and on ATVs are available for
commercial development.
All of the cropland grasshoppers are readily
controlled by carbaryl bait treatments, with
mortality somewhat dependent upon foliage height
which affects the searching -ability of the
grasshoppers. Under short canopies grasshopper
mortality was within the 85 to 90% range;
mortality under medium canopies was 60 to 75%.
The project has used carbaryl wheat bran bait in
field trials as it is the only EPA registered toxicant
on bran. Several toxicants are more effective, but
registration processes are not complete.
The low cost of materials for treatment,
development of aerial and ground application
equipment, soft environmental impact, and virtual
elimination of the toxicant in the field within 48
hours are reasons to use bait treatment for
grasshopper control.
D
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The last component
We have all the rest-people, environment,
productive capacity. Now we need the NPBL

Dr. Maurice Horton
Head , Plant Science Department

The most important reason for locating the
Northern Plains Biostress Laboratory (NPBL) in
South Dakota is not the environment, sufficient a
reason as that would be, but the people. South
Dakota already has a rich history and outstanding
record in biostress research.
N. E. Hansen, South Dakota horticulturist and
U.S. Plant Explorer #1, around the turn of the
century introduced winter hardy fruit trees and
hardy ornamentals to this area, many from similar
environments in Russia. Through his efforts,
crested wheatgrass, smooth bromegrass, and
Cossack alfalfa came to thrive in a region which
badly needed their hardiness and survivability.
Dr. Edgar McFadden in 1918 developed the first
stem rust resistant wheat by crossing common
wheat with a wild relative. Stem rust epidemics
had virtually wiped out wheat production in South
Dakota.
Dr. Oscar Olson is an international authority on
selenium. His group of chemists found that
selenium occurred in relatively high concentrations
in certain parts of the state and that plants
growing in those areas had more than normal
amounts of the element. The assay method to

check tissues for selenium is the most accurate one
known for large samples and is used worldwide .
. Norm Evers of SDSU and Dale Herman of NDSU
developed Meadowlark forsythia, the first to be
winterhardy in our region. Before Meadowlark, no
forsythia could be depended upon to bloom in the
spring in the Northern Plains.
Dr. Fred Cholick of SDSU and USDA wheat
breeders released Guard wheat, the first-ever
spring wheat with resistance to the Hessian fly,
which had cost producers $25 to $30 million in
1978. An accelerated breeding program using
nurseries in Mexico reduced the usual pre-release
period from 12 to 7 years.
The benefits of the research by such top
scientists extend beyond the borders of South
Dakota and the region. An excellent example is the
Hessian fly resistant wheat. Germ plasm from the
development of Guard has been incorporated into a
variety with outstanding performance in Morocco.
Saada was named and released in 1988 for
production in that country.
These are only some of our people noted for
their inventiveness, work ethic, and independent
spirit. But many more benefits come out of the
Northern Plains-the nation's best beef, its best
bread wheats, oats for a health-conscious public ,
outstanding durum wheats to supply most of the
country's pasta, oil for food and industrial uses.

We have the people. We have the production. We
also have the ideal natural environment-weather
extremes and diversity in plants and animals, both
native and introduced-to become a center of
excellence in biostress research.
Early frosts, drought, floods, extreme heat, insect
infestations, and diseases have an immediate and
direct impact upon agricultural production in our
region. This is both the most productive and the
most biostressed region in the country.

"Even a 1 % improvement
due to biostress research
would result in millions of
dollars of economic gain
for the region."

Unfortunately, crop yields can reflect that stress.
The average yield of corn in our state, for example,
has ranged from a low of about 25 bu/A to a high
of nearly 85 bu/ A during the past 30 years.
Since a large portion of this corn is grown to
feed livestock, it also is difficult to establish a
predictable livestock production system, let alone
realize a dependable income from corn.
The drought of 1988, coupled with diseases and
insects, reduced the production of wheat in South
Dakota by more than 60% from that of a normal

year. The economic loss to the state exceeded $100
million for the wheat crop alone. Even a 1 %
improvement due to biostress research would
result in millions of dollars of economic gain for
the region.
We have the people, the productive capacity, the
stressful environment. The last component-the
one we don't yet have-is the facility to bring the
other three factors together to improve and
stabilize Northern Plains agriculture.
The NPBL will contain climate controlled
chambers which will permit year-round growth of
plants under diverse simulated weather patterns.
Native plants from our prairies will provide
valuable germ plasm for development of new highperformance forage crops to sustain South
Dakota's livestock industry.
Joint research projects between biotechnologists
and plant breeders will enhance the development
of new crop varieties which give superior
performance under the environmental and
biological stresses of the region. Research on
erosion and soil productivity will help assure the
soil resource for future generations.
There will be other, more indirect benefits from
the NPBL. The facility will have the capability of
making the Northern Plains more competitive for
research dollars. Improved research capabilities
will lead to a more viable economy through rural
revitalization and an improved business climate.
The NPBL will focus national attention on the
effects of stress upon people, plants, and animals.
Other colleges and nonagricultural universities will
find that cooperation with the NPBL will enhance
their work; the pace of discovery in stress research
will accelerate geometrically. The development of a
center of excellence in the NPBL will bring a
positive social and economic impact to the region
and nation.
D

'Key building block'
State's economic development plans
start with a stabilized agriculture
Gerald Moe
Arlington, S.D.
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The leading industry in the Great Plains is
agriculture. The overriding need is to stabilize
agricultural production and develop processing
centers for agricultural products.
The Northern Plains Biostress Laboratory
(NPBL), with its potential for economic impact,
can be a key building block in South Dakota's
economic development plan. Developing ways for
our plants and livestock to cope with biological
and environmental stresses is the first step toward
stabilizing production.
There are two areas of research in which the
NPBL could open new doors for agriculture.
The first is new strains of crops that will
withstand drought and help protect our world's
food supply. We farmers could use genetic
engineering and plant breeding from the scientists
that would bring about drought tolerance in corn.
This past year, in some areas of our state, corn
yields were down to little or nothing because of the
searing heat and lack of rain during the growing
season.
And perhaps we should investigate sorghum
more closely. It may hold the key to natural
drought resistance. Through research, strains of
sorghum have been identified that perform very
well under drought conditions.
The second area of research deals with a bioinsecticide that genetically vaccinates corn against
the European corn borer. This pest is estimated to
cost $400 million in losses annually to the nation's
corn growers.
I understand that by the mid-1990s this type of
activity could be integrated into a pest
management program.
In our research programs, we must not overlook
the human stress factors. Being a farmer myself, I
can relate firsthand to the intense strain of coping
with uncontrollable pests and weather. I can also
relate to bankrupt neighbors, failed small
businesses, deserted farm buildings, declining
small community populations, youth that have left
our communities and turned away from ag-related
jobs to find more secure futures.
The rural scene has changed dramatically in the
last several decades. The loss of people from
agriculture has increased the workload for those of
us who remain in ag and the rural communities.
When that workload increases, there is very little
time to share, even with those who so desperately

need assurance that they are not "bad people"
because they had to declare bankruptcy. There's
less of a "community" in the neighborhood; more
farm couples are working in town-if they can get
jobs-to keep the farm going. Children have to do
the best they can on their own after school.
What will come in the future? Will there be
higher taxation? Will there be an even greater lack
of medical services and services to meet the needs
of our small communities and our aging
population? In 1985, over 18% of our population in
South Dakota was over 60, as compared to the
national average of 11 % . Even if the point spread
doesn't get any larger, we still have some very real
social stress factors in rural South Dakota which
the NPBL could address.
With even a small percentage of improvement in
these areas, biostress and social stress research
could result in millions of dollars of economic and
social gain to our state, region, and nation.
If we are to achieve a revitalized and stable
agriculture in the Northern Plains, long-term
solutions must be sought.
D
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'Needs we
don't know
we have'
If aquifers won 't support irrigation,
will we be read y to use less water?
David Bogue
Beresford, S.D.

It's hard to associate stress with one of the
world's most important agricultural regions, but
the problem lies with the popular version of stress.
Jitters . Coffee nerves.
Try "Death" as a result of stress.
· Evidence shows that few areas of the world
experience such extremes in weather and diversity
of land as does the Northern Great Plains.
These conditions stress plants, animals, and
people. With stress comes reduced crop yield and
livestock productivity, even death . Stress can cost
the region millions of dollars in lost revenue
annually.
The Northern Plains region of Nebraska and
South and North Dakota has been called the "bread
basket" of the world because wheat from this area
is transported to all parts of the earth. Wheat is not
the only crop, of course; there are soybeans, corn,
oats, alfalfa , sugarbeets, and potatoes. Alfalfa and

other native grasses grown on the vast prairie feed
the cattle and sheep and other ruminant animals
on their first stage of the route to market. Then
corn and soybeans are used to finish the ruminant
animals for market and to feed swine.
The variety in the crops and livestock we raise in
the Northern Plains tells you something about the
variety in our environment. That variety saves
some of us who can diversify; we probably will get
at least one check in a year. But nothing is sure;
nothing can be counted on.
Ra infall patterns alone would be a reason ·for
having the Northern Plains Biostress Lab (NPBL).
A line drawn from north to south following
Interstate 29 isn't found on any of the textbook
maps showing precipitation-in-inches changes. But
I can tell you from personal experience that east of
that 1-29 line, rain increases rapidly, while west of
the line rain decreases just as rapidly.
I have land east of the interstate, and our home
farm is west of it. The two parcels are only 17
miles apart. Over the past 15. years, the east farm
has gotten about 1 % inches more rainfall each
year. Most of it comes at the right time,
too-during the critical growing period in July and
August.
Now that I have 15 years of records, farming
those two pieces to take this difference into
account isn't as much trouble as it once was . I
could have used help from the NPBL if it had been
around then, still could.
The scientific data provided by the NPBL will be
critical to our agriculture of the future, and that
"future" may be upon us before we are ready. All
we have to do is look at draw down in our aquifers
for an example of a need we don't even know we
have yet.
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This past summer I participated in a meeting at
Stoneville, Miss. , where a research center is
located. We were told that the engineers had
predicted annual draw down rates of the aquifer
that feeds the Delta area.
In actuality, the aquifer is 10 years ahead of them
and at levels they predicted for 1998. Nebraskans
have been seeing the same thing in their wells.
The time may be coming faster than most of us
realize when these aquifers will not have the
capability to support irrigation. Will we have the
drought-resistant varieties and the appropriate
management practices ready in time?
t have another example of our need for the NPRL.
If a farmer could produce just 2 more bushels of
soybeans per acre on 400 A at $6/bu, the farmer
would have an additional $4,800. Two more
bushels doesn't sound like much, and in good years
we get them now, but we can't depend on them.
What if we could expect an extra $4,800 every year
from a variety produced from NPBL research?

This can and will happen for all crops with
additional research, giving an economic lift to our
region.
Many times our alfalfa and grasses either dry out
or freeze out. Again, research is needed for
improved strains that would do better in our
region.
I would hope that the NPBL could show us again
the value of shelterbelts and windbreaks. Trees
play an important but largely overlooked role in
stopping erosion. But the windbreaks we knew as
children are now dead or dying, victims of both
age and poor management. There is no impetus to
replant and there are also no good, fast growing
species that can survive dry years. We need the
NPBL to give us new varieties of trees that can
take the stress of this region.
These are only a few of my own personal needs
for the NPBL. Because of South Dakota's ideal,
central location in the region, this is a choice place
to construct the facility.
D

'The bottom line'
Environmental stresses translate
into economic and social stresses
Alvin Fjeldh eim

Pollock, S. D.
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As a farmer living in South Dakota, I've seen the
effects of weather on plants, animals, and people.
The Northern Plains has been blessed with the
beauty of the four seasons. The variance in
climatic conditions within those seasons has
created environmental stresses on all living things
in that region. Agricultural research conducted in
this region will enhance our ability to prosper
financially and mentally cope with Mother Nature.
The Northern Plains Biostress Laboratory (NPBL)
located in South Dakota would address Mother
Nature's limitations and further enhance rural life
in the Northern Plains region. The diversity of
South Dakota, be it climate, soils, or location,
makes South Dakota a natural scientific laboratory.
The research conducted at this facility will help
stabilize the erratic fluctuations in production in
this region. If plants and animals can be
impregnated into developing resistance to the
stresses of the Northern Plains and excel under
those conditions, agricultural productivity would
certainly blossom into an economic boom in this
region.
The strengthening of the economic base in the
rural areas would also benefit the social base in
our region. If agricultural research can stabilize
farm income by reducing profit risk, it will help
alleviate the emotional stress and strain realized by
leveraged farmers and ranchers. The bottom line is

that farmers and ranchers have to realize a profit
from their endeavors or no longer remain in
business.
I firmly believe the NPBL would be the catalyst
that will spark a new belief in agriculture in South
Dakota and the Northern Plains.
D

Ready for the NPBL
Field research is critical but goes
just so far. We need lab facilities

Dr. Charles Berry
Leader, Cooperative Fish & Wildlife
Research Unit, SDSU
U.S. Fish & Wildlife Service

A cornerstone of the agricultural success story
with livestock and crops has been identification of
genetic strains followed by selective breeding.
Fisheries sciences lags behind, but the same
techniques can be applied and similar successes
seem possible.
I am looking for strains of fish that tolerate the
stressful aquatic habitats of the Northern Great
Plains. Recent work with walleye included field
tests o[ two possible strains while also analyzing
their proteins, but no laboratory studies were
possible because of the lack of holding facilities.
The red band trout is another possible
improvement in prairie fisheries. This is a heattolerant strain that could allow 25% more of the
state's waters to be "trout waters." Development of
the red band and similar strains could allow
expansion of the state's commercial trout
aquaculture industry.
Another success story in agriculture in the past
has been the use of ag chemicals . But these
chemicals sometimes affect nontarget species,
including aquatic organisms and ourselves.
Bioassay testing to evaulate hazards is one way
that the laboratories in the Northern Plains

Biostress Laboratory (NPBL) could be used. About
a thousand new organic chemicals are marketed
yearly; the "hazard evaluators" can't keep pace.
Besides pollutants, environmental/disease
complexes contribute to fish kills. We will be able
to investigate fish kills using facilities in the new
building. I presently consult with the Veterinary
Science Department when fish kills are reported;
however, their expertise and facilities are geared
for livestock.
The Wildlife and Fisheries Sciences Department
is ready for a new building. We have enough
arsenics , formalins, and naphthalenes in the work
rooms to cause occasional headaches in students
using nearby offices. In the last 3 years, one
natu ral-gas line, one steam line, and one water line
have broken, filling the building with their
respective contents.
We have lost at least one applicant for a research
associate position who withdrew because of
noxious fumes in the fish and bird preservation
rooms and sewer gas on second floor.
A new building, mere bricks and solid stairs,
won't automatically insure a commitment to
excellence . We will still have to convince
prospective students and faculty and you, the
citizens of South Dakota, that we have good ideas,
attitudes, and programs to put into the NPLB. We
can do that; give us a chance.
D
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Plant stress
begins
underground
Soil biophysics research shows
root zone is often a 'war zone'
Dr. Tom Schumacher
Plant Science Department

One acre of corn produces enough roots to
encircle the equator twice if placed end to end.
Yet less than 1% of the total soil volume in the
corn root zone is actually occupied by root systems
during a growing season.
What if we could make a corn plant produce
more roots; say, to go around the world again?
How much would yield increase or decrease? Or
what if we could give the roots, through biostress
technology, better ways to combat a sometimes
very hostile environment?
The root system is the port of entry for water
and nutrients for plant growth. We are only
supporting players. We supply seed, add water and
fertilizer, and watch for a crop. We miss the bigtime show; there are many more forces at work
that we never see.
The ability of the root system to acquire water
and nutrients is directly dependent on the soil
physical environment. Other soil biological systems
(earthworms, fungi, bacteria, mycorrhizae, soil
insects) are also very sensitive to the physical
environment surrounding them.
All these physical and biological parameters
interact; that's the problem. There are as many
"wars" and competitions between members of the
underground world as there are above ground in
our global community. To understand and to
ameliorate stresses, we should start with the
setting in which these combats take place.
Soil biophysics research at SDSU starts with
space-space underground. By volume, most soils
contain more pores than anything else. These
pores are filled with either air or water. The ability
of a root system to grow and function in the soil is
dependent to a large extent on these pores.
The size and physical arrangement of these pores
determine where roots will grow, the amount of
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water available to plants and its movement into
and within the soil, the ability of the soil to warm
up, the availability of nutrients and the efficiency
of fertilizer use, the distribution of oxygen in the
soil, and the degree and intensity of plant stress.
Pore size distribution and the stability of the
pores are affected by management
practices-tillage, rotations, manuring, residue
cover, wheel traffic. Indirectly, then, your farming
activities are already alleviating or increasing the
stress on crop roots by pore manipulation.
The soil physical environment varies with depth
across the field, and changes can occur rapidly
during the growing season. The root system is
constantly exposed to changes in temperature,
water, oxygen, and nutrient availability. Stress is a
constant.

" . . . what if we could give
the roots, through biostress
technology, better ways to
combat a sometimes very
hostile environment?"

There's more that can be done besides soil
management; we can also breed for better
adaptation to the soil.
Crop species have considerable genetic variation
for adaptation to short-term stress in the soil
environment. This means that we can select,
through breeding programs, for better root systems
in poor soil environments.
These two approaches, soil management and
plant adaptation, are key components of the soil
biophysics research program. It means a
significant interchange of work among plant and
soil scientists. We have cooperative programs
among corn, wheat, and oats breeders,
physiologists , pathologists, entomologists , and the
soil disciplines of fertility , pedology, physics,
microbiology, and conservation and management.
Our primary "laboratory" is the field. It will
continue to be where we do our most important
work, because that is where your crops grow (or
don't) and that is where the ultimate combinations
of stresses on the plants take place.

We do, however, need labs contained within
walls, labs where we can study field samples and
test our hypotheses in controlled environments.
Over the winter, for example, when you're totalling
up your yields and thinking about ordering next
year's seed, we can be planting and analyzing in
the lab and getting the jump on the weather.
One thing we need to do is examine the early
growth and development of corn more closely. Our
field results indicate that erosion on some of our
glacial till-derived soils will permanently reduce
productivity, even when the farmer applies a ·
complete fertilizer package.
The differences in growth are apparent very
early in the season in the seedling stage and
translate into grain yield differences at the end of
the season.
We think that part of this is related to early
season root system growth and to the relative
availability of phosphorus in these high-pH soils. A
lab study using very small pH microelectrodes will
examine how the root system changes pH at the
root surface. This will give us information on the
feasibility of developing plant varieties which are
better able to use phosphorus in eroded soil to help
improve long-term so il productivity.
Another controlled study is being designed to
study the effects of soil temperatures on corn
seedling root morphology and the formation of
lateral root primordia.
For this we need controlled growth facilities and
equipment that determines the effects of different
temperatures on the length and number of lateral
roots and the production of hormones important to
shoot growth. These results could also be
incorporated into the corn breeding project.
The genetic variation of corn and cereal grains is
being examined for the ability to adapt to shortages
of water through the process of osmotic
adjustment. Osmotic adjustment increases the
ability of the plant to extract and retain water from
the soil.
The immediate problem isn't the dry wind that
blasts and curls the corn leaf: The wind pulls
moisture out of the leaf, moisture that originally
came from below ground. If the shoot could retain
this water better and the root extract more from
the soil pores , then the plant could withstand
unfavorable above-ground conditions better.
Biostress research requires a commitment to both
field and laboratory research . Too many questions
come up in the field that we can't answer because
we can't separate out the effects of known and
unknown systems, whether physical or biological.
In the lab we can isolate a problem and introduce
variations one by one.
D
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An 'edge agriculture'
Living in 'plant transition zone' gives
us opportunity to put stress to good use
Dr. Fred Cholick
Spring Wheat Breeder
Plant Science Department

From border to border, South Dakota is already
the best outdoor biostress laboratory in the nation.
Now we need to back up this outdoor environment
with indoor labs where we can control the
environment to define, evaluate, and come to
understand what goes on out in the fields.
We have such good natural facilities to study
crop biostress in this state because we practice an
"edge agriculture." We live in a plant transition
zone.
Crops that are adapted to areas farther north
grow here on the southern edge of their range.
Crops from farther south can be grown here
successfully, but conditions for superior yields are
rarely ideal.
From east to west, the limiting factor is usually
precipitation. Even the native grasses of the
remaining tall prairie are limited to the extreme
east. It is more "normal" in most years that the
shortgrass prairie will advance out of the western
part of the state than that big bluestem, for
example, would spread westward.
Experience in handling biostress, at first thought,
doesn 't appear to be a "marketable commodity."
But, periodically, these stresses occur somewhere
in the major production areas of the U.S. Since we
have such a big background in dealing with stress,
people in those other areas turn to us for our
information and our germ plasm.
We're in the right place, and now is the right
time.
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For example, South Dakota is a major producer
of winter wheat, corn, and spring wheat. But our
neighbors to the south generally have superior
conditions for winter wheat and corn, and our
neighbors to the north have superior growing
conditions for spring wheat. That gives us an
opportunity.
We have the environmental conditions to identify
genetic mechanisms and other factors that
determine plant growth and development in
stressful environments. The Northern Plains
Biostress Lab (NPBL) would provide the facility to
define these mechanisms and use them to stabilize
crop production.
Even if all environmental stresses could ever be
solved, we'd still have most of the major biological
stresses-diseases and insects-to work on. We
could think that having such a burden of stresses
isn't "fair." But it enhances our opportunity to be a
state, regional, and even national leader in
biostress research.
Plant breeders need laboratory facilities to
manipulate plants at the molecular level. Many of
these techniques have the potential to increase the
efficiency of plant breeding and expand our
understanding of plant functions .
But for the most part, these techniques require
facilities that are limited or presently not available
at SDSU. We as plant breeders do not see it as our
primary role to develop these techniques; however,
we are shorting South Dakota producers by our
present inability to use these skills.
A biostress laboratory would be an expensive
luxury in nearly any other state. In South Dakota,
we wonder how we can get along without it. The
NPBL will be a focus of our research activities and
complement our very strong field orientation.
D

'The unity
of all things'
Wildlife, fish, and our research show
chain of events that links us together

, Dr. Charles Scalet
Head , W ildlife and Fisheries
Sciences Departm ent

It is so common to see wildlife in South
Dakota-a pheasant along the roadside, a deer in a
patch of willows, a fish rising on a summer
evening-that we might make a mistake. We might
think that it is the wild species that are perfectly
adapted to the environment and that we, the
latecomers with our cultivated crops and livestock,
are not.
Wildlife and fish populations in South Dakota are
subject to the same stresses as all other organisms,
and a few more. We have added the "few more."
Wildlife goes through the same set of natural
conditions such as drought, cold winters, hot
summers, and seve re winter storms that
domesticated animals do. But, for wildlife, these
problems are often intensified by stress related to
land use patterns. Addi_tional stresses can include
the mowing off of cover, draining our feedlots into
lakes, tiling wetlands.
The environment is constantly changing for
wildlife , and our management of wild populations
must respond if we are to use these natural
resources to their fullest benefit. The Northern
Plains Biostress Laboratory (NPBL) will help us
ac hieve optimum management strategies.
The native gamebird in eastern South Dakota
was the sharptail grouse. It, like other Northern
Plains animals, was a product of the set of
stressors found in the region. Its population
fluctu ated with climatic conditions, even though it
had evolved under those conditions.
Increased agricultural activities changed that set
of stressors, and the sharptail was displaced by the
prairie chicken, an invader from the east. This bird
could prosper under conditions of interspersed
farmland and grassland.
Farming methods continued to change and
intensify, and the prairie chicken could no longer
maintain its populations. A new bird, the ringnecked pheasant, was introduced. For a time it
was well matched to the environment.
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But the environment continues to change. The
pheasant's population now fluctuates ·in new
patterns in response to natural and man-made
stressors.
A very conservative estimate of the worth of
pheasants to the state is $30 million per year. That
is actual expenditure; it does not take into account
any dollar turnover. What might have seemed to be
only a recreational issue is in fact an economic
issue.
To stabilize or increase pheasant populations
require.s continual research. Conditions are
constantly changing.

Another area of stress, which has expanded into
human and political spheres, is that of wetlands.
South Dakota is located in the prairie pothole
region, and our department has been a center of
activity in wetlands research.
For many years wetlands were viewed as
nuisances in agriculture and as impediments to
rural development. This is no longer the case. The
1985 farm bill, specifically the swampbuster
provisions, indicates the growing awareness of
wetland values.
Wetlands represent a major resource to the
region, far more than just for their wildlife benefits
alone.
It's true that wildlife populations associated with
wetlands represent a rich recreational and
economic benefit. However, benefits such as flood
control, groundwater recharge, microclimate
modification, nutrient trapping, forage production,
and fish production are too great to be overlooked.
Work in the NPLB would address these issues.
At present, our department can do only field
research. Since so many factors interact in nature ,
we spend much time trying to track what may
have actually happened in our experiments. Our
data interpretation is more often right than wrong,
as we can document; but we do have some critical
restraints.
We are stymied by our lack of research lab
capabilities. (Ours is the oldest building on
campus; and, while that is not a negative in itself,
it does indicate our lack of modern labs.)

Nor are fish immune to biostress.
The USDA recognizes the growing potentials of
aquaculture (the production of aquatic organisms)
as an agricultural enterprise. Research labs
proposed in the NPBL would contribute to the
achievement of this USDA research initiative.
Aquaculture is relatively new in the Northern
Plains. In the right areas, it could stabilize
agricultural production and rural communities by
providing additional income and diversification.
The implications are both national and
international. After petroleum imports, fisheries
products are next in importance in our current
negative trade balance.
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More than any other department, Wildlife
Fisheries already stands at the crossroads of
cooperative research. This isn't only because we've
been forced into it by our own lack of facilities; we
recognize how our discipline interacts with all
others. We have or are conducting research in
cooperation with the departments of Plant Science,
Veterinary Science, Water Resources,
Biochemistry, Economics, Biology, Rural
Sociology, and Geography. In addition, we work
with USDA, the U. S. Fish & Wildlife Service,
NOAA, the U.S. Forest Service, Department of
Energy, the Bureau of Reclamation, and the Army
Corps of Engineers , as well as various state and
private entities.
This record of cooperative research with such
diverse groups shows~ more than anything else, the
unity of all things in South Dakota. Through a
chain of events, a single happening (perhaps a
pesticide entering a wetland) can impact on all
other life, our own included. That is the ultimate of
stress interactions.
The NPBL will enhance research efforts so that
real solutions to real problems can be developed
for our state, our region, and the country.
D

Early detect ion
Responses to stress can be measured
in cells before gross symptoms appear
Dr. Don Evenson
Department of Chemistry

When a nimals are confined too tightly, when
they have to be moved on a hot day, when there is
no shade, producers are on the alert for symptoms
of heat stress. They know that, without swift
action, heat stress can be fatal.
Even if not fatal, it can be long-lasting.
Symptoms may not show up until the next
breeding season, and the producer may never
guess that poor reproduction was linked to those
hot days last summer.
We are able to show that link in our labs.
Biological stress, · including heat, water, and
chemicals, has a direct effect on many cellular
features measurable by a flow cytometer. Our
department has this rather rare, state-of-the-art
instrument.
Typically, a population of cells isolated from an
animal or plant is stai ned with a fluorescent dye
that will bind to a particular component of a cell
(nucleic acids or proteins, for example) in
proportion to the amount of that component in
each cell.
Stained cells are then passed through the flow
cytometer in a glass tube intersected by a laser

beam. The laser light causes the dye that is b ound
to the cells to fluoresce, to emit light.
Optical detectors near the glass tube sense the
amount of fluorescent light given off by each Gell.
This optical signal is converted to an electrical .
signal which is read by a computer (Fig 1). Cells
can be measured at rates up to thousands per
second. Further~ore, several independent
parameters can be measured simultaneously for
each cell.
This high rate of data collection allows the
measurement of one to several biochemical
features per cell in thousands of cells from an
organism.
Each cell type in a plant or animal" is
characterized by a unique life cycle. Various cell
markers such as DNA and RNA can be used to
determine whether a cell life cycle is normal or
whether it is abnormal, due perhaps to
environmental stress.
Fig 2 shows an example of data obtained from
cells that were growing normally and those that
had been exposed to a chemical stress. Cells were
stained with a dye, acridine orange, that interacts
with DNA so that, when exposed to the laser beam,
each cell will emit green fluorescence in
proportion to its amount of DNA. Acridine orange

Fi gure 1.
cells stained
with
Acridine Orange

Photomultiplier

Pulse
processing
electronics

•
#

cells
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complexed with single-stranded RNA will produce
red fluorescence. A simultaneous determination
was made of DNA and RNA content in these
populations of cells to give an indication of their
health status.
Fig 2 contains scattergram data from flow
cytometry measurements of mouse cells in culture
with and without the presence of an
anthracenedione compound. Each dot represents a

Figure 3.

,

Figure 2.
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single cell; the position of the dot is relative to the
amount of green fluorescence (DNA) and red
fluorescence (RNA) .
Note that the pattern is very different for the
cells exposed to chemical stress. These were from
mice, but the same techniques also apply to
humans exposed to chemicals in their work .
Fig 3 shows data obtained by flow cytometric
measurements on sperm from a bull that is
susceptible to environmental heat stress.
Heat stress can affect sperm quantity and
quality, resulting in subfertility. Obviously, we
want to learn why some bulls are susceptible to
heat stress and others are resistant.
In addition, researchers are interested in
developing more sensitive techniques to detect, at
early stages, heat damage to sperm that may not be
detectable by current techniques. The techniques
developed in our lab let us find heat damaged
sperm significantly earlier than they can be found
by light microscopy.
In this case (Fig 3), the heat damage is detected
as alterations in the normal chromosome structure.
When present, these alterations make the DNA in
the nucleus susceptible to acid denaturation, which
causes breakdown of normal double stranded DNA
to single stranded DNA.
Because of its unique binding characteristics,
acridine orange dye can be used here to detect the
amount of double stranded DNA (green
fluorescence) vs. single stranded DNA (red
fluorescence) in each cell. Sperm with heat
damaged chromosomes will demonstrate a shift
from green (normal) to red (abnormal)
fluorescence. The e; tent of this shift can be
determined for each population of sperm.
An individual bull that continually produces
samples with this defect, even if he appears
healthy and without symptoms, should be culled
from the herd.
Studies are currently being done in our lab with
several bull artificial ~nsemination centers in the
U.S. to better understand the problems of heat
induced subfertility.
D

Crossroads
Weather patterns strike from three sides;
whea,t winterkill is a combination effect

Dr. Donald Kenefick
Winter Wheat Physiologist
Plant Science Department

South Dakota is at a crossroads.
In more ways than one. However, the
"crossroads" I refer to is where wind and
prevailing weather patterns meet.
The only direction from which no prevailing
weather pattern comes is the east. When easterly
winds do blow, old-timers smell rain, which tends
to be long, gentle, and soaking. But the winds and
weather from the other directions are much more
dominant; they determine our climate.
We have a continental climate, where warm/hot
summers and cold winters prevail. The exception
is a portion of western South Dakota. Downwinds
off the eastern slope of the Rocky Mountains bring
mild, dry air into our state from the west. This is
amplified east of the Black Hills, causing milder
and drier conditions in western South Dakota, the
so-called "banana belt."
In general, our weather patterns are influenced
by three intersecting atmospheric conditions. In
neighboring states, one or more of these weather
patterns may be weaker than the others (it has
farther to go); but in South Dakota, they seem just
a little more extreme. We all know them:
1. Rising air flow east of the Black Hills,
resulting in higher precipitation in eastern South
Dakota than in the western part.
2. Warm air masses from the south, which bring
in precipitation from the Gulf and hot, dry air from
the Southwest.
3. Cold, dry air from the north and northwest,
often resulting in w ind chills greater than -50 F.

We have bragging rights for living through these
weather patterns. But many of our crops don't fare
as well as we do; this weather crossroads
determines our planting patterns. Soybeans are
restricted to eastern counties, corn to the
southeast, and winter wheat primarily to the
southwestern .areas .
The popular view of winter wheat winter kill is
weather related and holds that stand loss is caused
by low midwinter temperatures, which usually
occur in tandem with a lack of snow cover.
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I have data on weather and winter ·wheat
interactions, particularly winter kill effects, which
go back for 20 years. They suggest an alternate
view. It is that stand loss can be attributed to a
combination of midwinter and early spring
adversities, sometimes in the same year, but often
independently by geographic region.
We have about an equal distri.b ution of stand loss
between two different periods: (1) mid-January to
early February and (2) from the middle of February
to early Ap ril. Serious stand losses can occur
within any growing season in South Dakota, but at
different times and for perhaps different reasons.
The probability of stand loss is highest during
late January to February in the southwestern part
of the winter wheat range. It is highest during the
mid-February to April period in the northeastern
part.
So what we have is not a simple picture of
differences among varieties because of only stress
in midwinter. What is closer to the fact is a
combination of two vastly different forms of stress:
midwinter and the transition to spring. In the 8 to
10 years needed for variety development, any
combination may occur. The important biological
question is whether winter wheat, in this natural
selection process, uses or has available different
biological responses to combat each stress
condition.
We suspect that the biological response, which
happens within the cells of the plant, is different
for both the earlier and later freezing periods.
Defining major weather stresses and determining

Director's Comments
continued from page 2
State Research Service (CSRS). CSRS is a division
of the USDA that has administrative
responsibilities for federal funds that are used at
state agricultural experiment stations. Our proposal
is now moving through USDA administration and
the Office of Management and Budget to the U.S.
Congress.
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the cellular mechanisms that respond to them is
the goal of our research.
This "land of infinite variety" is an exciting
place to conduct research on winter wheat. The
same opportunity exists for other crops grown here
because of the wide biological response window
for these crops, caused by generally cooler
.conditions and a longer reaction time.
D

The NPBL is a building but more than that; it is
a program that sharpens the focus of this College
and this University. It provides the opportunity to
join forces with oth~rs far beyond our state's
borders. As the review team responded, after
presentations from the scientists and citizens
(summarized in this issue of Farm & Home
Research), it is truly a "national program." We ask
for your support and we thank those of you who
have helped us so far. If you'd like more
information, please w.rite or call.
D
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Contents
This issue of Farm &: Home Research is different.
In two ways, actually.
Often, some of the research we report may not be directly usable t o you.
If you raise sheep, for example, a story on baby pig scours may only be
mildly interesting. But you bear with us because you know that sometime within the year some story will hit home to you.
In this issue the theme of biostress "hits home" to evexy one of us. We
live in South Dakota. We know what environmental stresses do to us,
our crops, and our livestock. And to the South Dakota economy.
Second, this issue of F&HR does not tell you what we have d one. As
Director Ray Moore says in his Comments column, "we tell you what we
want to do."
Scientists, farmers, and administrators discuss the Northern Plains
Biostress Laboratory (NPBL) and their hopes for the expanded biostress
research that could be done in the lab. The NPBL is more than b ricks
and mortar; it will become the center of concentrated, regional (even
national) research into how our environment affects us and what we
can do to create a gricultural "stability in this 'land of infinite variety."'

